Since the invention of surface-stabilized ferroelectric liquid-crystal (SSFLC) devices,' much effort has been devoted to developing liquid-crystal alignment techniques for them. Although SSFLC's initially were aligned by shearing the cell walls, alignment is most commonly accomplished by sandwiching the ferroelectric liquid crystal (FLC) between alignment layers. A good alignment layer provides high optical contrast and bistability. To date, several methods have been explored: rubbed polymers, including rubbed polyimides 2 and polyamides, 3 and obliquely evaporated silicon monoxide, which shows the most success at producing high contrast and bistability. 4 The performance of devices incorporating SSFLC's degrades slowly because of the presence of ions in the liquid crystal. Ion migration effects in devices that incorporate thick polymer FLC alignment layers were recognized as a major cause of degradation leading to marginal bistability and electrical dark switching in optically addressed spatial light modulators (OASLM's). 5 The rate of this degradation depends on the type of alignment layer. 6 Methods used to minimize ionic performance degradation include making the alignment layer partially conductive by doping it with charge-transfer agents 7 and making the alignment layer extremely thin by depositing it as a Langmuir-Blodgett film. 8 In this paper we present the results of investigations of very thin SiO, and newly developed rubbed organic silane alignment layers. We have found that very thin SiOQ alignment layers, in addition to providing high contrast and bistability, also reduce ionic degradation. These SiO, alignment layers, however, are formed by relatively high-cost processes that are not easily scaled to large areas. In contrast, the rubbed organic silane alignment layers that we have developed are simple and inexpensive to fabricate, result in low ionic degradation, and yield excellent contrast and bistability.
Organic silanes have been used previously to achieve homeotropic (perpendicular to bounding planes) alignment. 9 However, because organic silanes easily form monolayers, we suspected that if they could be made to give good homogeneous (horizontal) alignment, their thinness would be of benefit in reducing ionic effects in SSFLC cells. Rubbed polymers [nylon, polyvinyl alcohol (PVA), etc.] are the most commonly used alignment-layer materials but are difficult to make thin or uniform. However, silane and SiOQ easily form ultrathin uniform layers.
A number of silanes were tested as alignment-layer materials in electrically addressed cells. The silanes were spun onto cleaned substrates, baked at 900 for 20 min, then rubbed unidirectionally with silk velvet cloth. Devices were then spaced with 1.5-[Lm glass fibers, assembled and vacuum filled with FLC mixture SCE 13. The type of alignment was determined visually on a light box with an electrically addressed spatial light modulator (EASLM) positioned between crossed polarizers and rotated. If no change in transmission was observed, then the device was determined to be homeotropic. If the transmission changed substantially when the device was rotated, then we concluded that the alignment was homogeneous. The results of the test appear in Table 1 . It was found that by rubbing the short chained silanes good homogeneous alignment was achieved, whereas the longer chained silanes continued to create homeotropic alignment even after being rubbed.
In our SiO, evaluations we found a lower limit in film thickness of 25 A for good alignment. For optimum device contrast a thickness of 75 A was found to be the best. Rates of deposition did not seem to have an impact on device performance. Rates evaluated were 0.5, 1.0, and 2.0 A/s, at pressures in the mid-10-6 -Torr range. In our investigation we incorporated different alignment layers into both EASLM's and OASLM's. The OASLM's consist of a hydrogenated amorphous silicon p-i-n photodiode sandwiched, with an SSFLC, between two transparent conducting oxide-coated optical flats. A write light absorbed in the photodiode determines the areas of the SSFLC that are switched. The SSFLC modulates a read light that passes through it. The OASLM's typically are driven with a 1-kHz square wave of ± 10 V. Positive applied voltage forward biases the photodiode, allowing all the applied voltage to drop across the FLC and driving the FLC into one of its states. Negative applied voltage reverse biases the photodiode, allowing sufficient voltage to switch the SSFLC only in those regions that are illuminated with write light. The operation of the OASLM is described in more detail elsewhere. 5 Ions in the liquid crystal migrate under the influence of the applied electrical field. If this driving field contains a dc component, over time the ions migrate so as to create a field that balances this dc component. Consequently, the operating characteristics (response time, sensitivity, contrast ratio, etc.) of the OASLM vary with time. Because the photodiode used in an OASLM has an asymmetrical currentvoltage (I-V) characteristic, a dc component of the FLC driving field is necessarily present. 1 0 The SSFLC in contact with those regions of the photodiode that are weakly or not illuminated experience a driving field having a strong (erasing) dc (timeaveraged) component. The resulting ionic field is of the opposite polarity and tends to switch the SSFLC to the on state even in the absence of write light. We call this tendency dark switching. The buildup of an ionic field in the SSFLC can be monitored by measuring the dark switching. Results for three different alignment layers are shown in Fig. 1 . The standard rubbed nylon OASLM exhibits substantial degradation, whereas the thin SiOx and the rubbed silane show very little.
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optical responses just before the negative pulse (at 0.3 s) to the difference between the extreme optical responses during the positive and negative voltage pulses. The bistability of five different FLC's with four types of alignment was measured in EASLM's, and the results are presented in Table 2 . For all five FLC materials, the highest bistability was produced with the SiQ, and the silane alignment layers. OASLM's were fabricated with the three most promising SSFLC materials and tested for bistability. As shown in Table 3 , among these devices, the ones with rubbed polymer showed no bistability at all, whereas the SiOQ and the silane alignment layers showed 100% bistability for two of the SSFLC materials.
Conductive alignment layers are expected to yield good bistability 12 but cannot be incorporated into OASLM's because their conductivity would degrade the spatial resolution. We have found that this problem can be avoided by use of very thin alignment layers, which provide excellent bistability. 
